Most studies examining potential associations between psychological factors and cardiovascular outcomes have focused on either depression or anxiety. The effect of perceived stress on incident coronary heart disease (CHD) has yet to be reviewed systematically. We conducted a systematic review and meta-analysis of the association between perceived stress and incident CHD. Ovid MEDLINE and PsycINFO were searched as data sources. Prospective observational cohort studies were selected that measured self-reported perceived stress and assessed incident CHD at minimum of 6 months later. We extracted study characteristics and estimates of the risk of incident CHD associated with high perceived stress vs. low perceived stress. We identified 23 potentially relevant articles, of which 6 met our criteria (N = 118,696). Included studies measured perceived stress with both validated measures and non-validated simple self-report surveys. Incident CHD was defined as new diagnosis of, hospitalization for, or mortality secondary to CHD. Metaanalysis yielded an aggregate risk ratio of 1.27 (95% confidence interval 1.12 -1.45) for the magnitude of the relation between high perceived stress and incident CHD. In conclusion this meta-analysis suggests that high perceived stress is associated with a moderately increased risk of incident CHD. Keywords stress; perceived stress; coronary heart disease; ischemic heart disease Measures of stress in recent studies have been heterogeneous and included disparate definitions such as caring for a demented partner or spouse[1], reporting of lack of general psychological well-being[2], or reporting the occurrence of negative life events like divorce [3] . Types of chronic stress that have consistently been associated with increased cardiovascular risk are work-related stress[4] and marital stress [5] . However, it may be that perceived stress, the general perception that environmental demands exceed perceived capacity, regardless of source of the environmental demand, is also consistently associated © 2012 Excerpta Medica, Inc. All rights reserved.
with incident coronary heart disease (CHD). To address this question, we conducted a systematic review of all prospective observational cohort studies that have asked participants to report perceived stress, and then followed those participants to assess incident CHD. Meta-analysis was used to derive an aggregate estimate of the risk ratio for the association between high perceived stress and incident CHD. Finally, we conducted sensitivity analyses to determine whether effect size estimates differed by study characteristics.
Methods
We sought to identify all studies that reported a valid estimate of the association between perceived stress and incident CHD diagnosis, hospitalization for CHD or mortality secondary to CHD. To be included, studies must have been prospective observational cohorts that featured a self-report assessment of perceived stress, on which participants could report frequency and/or intensity of stress. Only studies that used measures specifically referencing "stress," and not symptoms of psychological disorders such as depression, anxiety, or PTSD, were included in this review.
We searched the electronic databases Ovid MEDLINE and PsycINFO for potentially relevant articles. Dates included in the search were 1948 to July 21, 2011 , the date the search was conducted. All relevant subject heading and free text terms were used to represent stress and CHD, and the sets of terms were combined with AND. Terms for MEDLINE to represent stress included: exp Stress, Psychological/OR ((Psycho$ or mental$ or emotion$ or financ$ or marital or relationship$ or social$ or job$ or occupation$ or employ$ or work$ or global) adj5 (stress$ or distress$)).tw. OR exp Stress Disorders, Traumatic/OR ptsd.tw. OR (post-traumatic OR (post adj traumatic)).tw OR posttraumatic.tw. Terms to represent CHD included: exp Myocardial Ischemia/OR ((coronary or heart or isch?emi$ or myocardial or cardiac) adj3 (disease$ or syndrome$ or attack$ or event$)).tw. OR (acs or acd or chd or cad).tw. OR ((post adj acs) or postasc).tw. These terms were adapted for PsycINFO. Additional records were identified by scanning the references lists of relevant studies and reviews and by employing the Related Articles feature in PubMed and the Cited Reference Search in ISI Web of Science.
To determine the studies to be assessed further, 2 authors (SR, LF) independently read the abstract and/or titles of every record retrieved for the selection criteria listed below. All potentially relevant articles were investigated as full text. Differences in opinion were resolved by consensus.
We abstracted effect size estimates and study characteristics of those studies describing the association of perceived stress to incident CHD diagnosis, hospitalization for CHD, and mortality secondary to CHD (Table 1) . For multiple publications from the same cohort, we chose the publication with the largest sample size and the most appropriate outcome measure (e.g., Nielson et al. (2006) was included because it measured incident CHD diagnosis, whereas Nielsen et al. (2008) measured death secondary to CHD without excluding participants with a previous diagnosis of heart disease). All studies were coded for the following characteristics: sample size, years of follow-up, specific measure of perceived stress and scoring procedure, cardiovascular outcomes measured, sample age, gender, and race/ethnicity, year of publication, number of covariates and adjustment for psychological variables.
Comprehensive MetaAnalysis (version 2, BioStat Software, Engelwood, NJ) served as the statistical platform for completing all statistical tests and producing associated graphic results. We calculated an aggregate effect size in the form of a risk ratio associated with high vs. low perceived stress on incident CHD diagnosis, hospitalization for CHD, or mortality secondary to CHD.
Log-transformed risk ratios and 95% confidence intervals (CIs) were calculated for each study using the reported effect size and estimates of the standard error (SE) of the effect size from data reported in the article. To assess heterogeneity in effect size estimates across studies, we calculated Cochran's Q, which is the weighted sum of squared differences between individual study effects and the pooled effect across studies, even though it has low power for detecting heterogeneity when the number of studies in a meta-analysis is small. [6] We also report I 2 , which is the percent of between-study variance in effect sizes that is due to heterogeneity rather than chance. [7] When articles reported multiple models, we selected the effect size from the most fully adjusted model. To address possible publication bias, we examined the funnel plot associated with the study effect sizes and calculated a fail-safe N. [8] In addition to the overall fixed-and random-effects meta-analysis models, we used sensitivity analyses to assess possible moderator effects for the association of perceived stress to CHD outcomes across a number of methodological factors. These factors included the measure used to assess perceived stress and the type of CHD or mortality outcome. Further, meta-regression analysis was used to test the association between effect size and study publication date and mean sample age. Separate estimates for men and women were available in 3 studies, so we were able to compare the association by gender. Similarly, separate estimates were available for cardiac events with and without angina in 3 studies, so we also compared those effect size estimates.
Results
Among 23 articles identified in our initial search, 19 required full reading after duplicate records were excluded. Of these 19, six met our criteria for inclusion (5 articles from the initial search [9] [10] [11] [12] [13] and another 1 article identified from references [14] ) ( Figure 1 ).
All included studies completed recruitment and assessment of baseline characteristics between 1970 and 1990. Follow-up periods ranged from 36 to 255 months with an average of 165.9 months of follow-up (or 13.8 years). Studies were conducted in Sweden (2), Scotland (1), Australia (1), Denmark (1) and Japan (1) . Two studies enrolled men only and 1 enrolled females only. For the remaining 3 studies, the average percent of the sample that were men was 56.4%. Mean age for all study participants was 55.0 ±10.18 years. Two studies used validated measures of perceived stress, and 4 asked 1 or 2 questions about the experience of daily stress ( Table 2) .
One of the included studies used the Perceived Stress Scale, which was designed to measure the degree to which individuals appraise situations in their lives as stressful. [15] The Perceived Stress Scale uses paper and pencil self-report, takes about 5 minutes to complete and evaluates the degree to which people find life unpredictable, uncontrollable, or overloaded. The validity and reliability were assessed in a large national probability sample (N=2,387) in the United States. [16] Another study used the Reeder Stress Inventory, which consists of 4 statements about feelings of strain, tension, exhaustion and stress in association with daily activities. Respondents rate the extent to which each of these 4 statements is true using a 4 point Likert format. This measure was validated in a cross-sectional investigation (N=1,717) in the United Kingdom. [17] The remaining studies asked 1 or 2 questions about intensity and/or frequency of daily stress. The nature of these questions was similar to questions included in the validated measures of perceived stress. The thresholds for labeling participants as experiencing high stress were similar across all studies where participants essentially had to directly report either intense or frequent feelings of stress (Table 2) .
Cardiac outcomes included death from CHD, incident CHD diagnoses and events (including angina) and hospital admission for CHD. Every study controlled for traditional cardiac risk factors (e.g., age, blood pressure, smoking, cholesterol), 3 studies additionally controlled for socioeconomic status, and another study controlled for depression and anxiety symptoms.
The aggregated effect size associated with high vs. low perceived stress for incident CHD was a risk ratio of 1.27 (95% [CI], 1.12-1.45) in the random effects model (Figure 2 ). There was no statistically significant between-study heterogeneity in effect size estimates, Q (5)= 9.54, p= .09. [18, 19] However, because the P-value for the significance test of the assessment of heterogeneity was < .10, we decided to report the random effects estimate and conduct our a priori sensitivity analyses by study characteristics, with the understanding that the lack of heterogeneity and small number of studies limited our power to detect associations between study characteristics and effect size estimates.
Although publication bias is difficult to assess with 6 studies, the funnel plot suggested that studies in which there was no relationship between high perceived stress and clinical outcomes may have been missing (Figure 3) . However, the fail-safe N suggested that 40 additional studies with no relationship between perceived stress and clinical outcomes would have needed to exist for the risk ratio for the true association to be 1. This fail-safe N indicates that our meta-analytic finding is robust to publication bias, as a generally accepted rule of thumb for interpreting fail-safe N is that a meta-analytic result is robust to publication bias if N ≥ 5k + 10, where k is the number of studies included in the metaanalysis, and so 40 in this case. [8] There was no difference in effect size estimates by type of stress measure, either validated or non-validated, p= 0.98.
One study used death as the primary CHD outcome (N= 73,414; risk ratio= 1.51; 95% CI = 0.97-2.36). The effect size from that study did not differ (Q (1) = 0.59, p = 0.44) from those of studies with fatal and non-fatal incident CHD events included as the primary outcome (N= 45,282; risk ratio= 1.26; 95% CI= 1.10-1.44).
Three studies provided separate effect size estimates for CHD events including angina vs myocardial infarction (MI) only. The comparison of effect size estimates for the overall CHD vs MI only in those 3 studies showed that they were not significantly different from one another, Q(1)= 2.85, p =.09. However, while the aggregate point estimate for the combined CHD outcome across the 3 studies was 1.17, p= 0.02 (95% CI, 1.06-1.29), the aggregated MI only estimate was 1.004 (95% CI, 0.87-1.16), p= 0.95.
Three studies calculated estimates separately for men and women. We compared estimates for men vs. women across those 3 studies and found no significant difference between approximated risk for the sexes (men= 1.19, women= 1.30; Q (between) = 0.30, p = 0.59).
The mean age of the participants varied from 44 to 72.5 years. Older mean sample age was significantly related to a greater effect size across the studies, and explained 46% of the variance in effect sizes, Q (model)= 4.38, p= 0.03; Q(total)= 9.54, p= .09.
Meta-regression analysis showed that date of publication was unrelated to effect size estimates, Q (model) = 2.51, p= 0.11.
In an additional meta-regression analysis, amount of covariate adjustment, which ranged from 9-17 covariates, was unrelated to effect size estimates, Q (model) = 0.48, p= 0.49. Two studies adjusted for at least 1 psychological covariate (Iso et al. (2002) : anger, hopelessness, senses of joyfulness, being trusted, fulfillment; Rosengren et al. (1991) : registration for alcohol abuse). Inclusion of psychological covariates compared to noninclusion of psychological covariates did not significantly affect the effect size estimates, Q (1)= 3.10, p=0.08, but the mean effect size of the 2 studies that included such covariates was 1.50 (95% CI= 1.23-1.84), whereas the mean effect size for the remainder of studies was 1.21 (95% CI= 1.06-1.38).
Discussion
This is the first meta-analytic review of the association of perceived stress to incident CHD. By combining results from 6 large prospective observational cohort studies representing 118,696 participants, followed for an average of more than a decade, we found that high perceived stress is associated with a risk ratio of 1.27 for incident CHD. It is useful to compare the magnitude of the increased risk associated with high perceived stress to those of traditional cardiovascular risk factors. For hyperlipidemia, there is a 21% increase in cardiovascular events with every 39 mg/dL increase in LDL cholesterol. [20] For hypertension, risk for cardiovascular disease increases by 200% with every additional increment of 20/10 mmHg above a blood pressure of 115/75 mmHg. [21] For smoking, the risk of acute MI increases by 5.6% with every additional cigarette smoked per day. [22] Based on these approximations of risk, high perceived stress, which was associated with a 27% increase in CHD risk in this meta-analysis, could be thought of as the equivalent of a 50 mg/dL increase in LDL, a 2.7/1.4 mmHg increase in blood pressure or 5 more cigarettes per day.
The mechanism linking perceived stress to adverse cardiovascular outcomes is likely multifactorial. Possibilities include increased activity of the hypothalamic pituitary axis [23] , increased sympathetic outflow [24] or altered behaviors causing insulin resistance and central obesity [25] . Notably, many of the studies included in this review controlled for indirect measures at baseline of increased activity of the hypothalamic pituitary axis, increased sympathetic outflow and altered behaviors. It is possible that these mechanisms increase across time, and so need to be measured with both more precision, and as timevarying covariates. The exact mechanism behind the association between stress and CHD is still unclear, but it is not required for recognizing the significance of the association.
Randomized controlled trials of stress interventions and cardiac outcomes have shown efficacy for treating "stress" even though definitions of stress have varied. A recent metaanalysis of 43 studies showed that psychological interventions targeted to stress reduction (including cognitive behavioral therapy, yoga and muscle relaxation techniques) decreased 2-year mortality in men and event recurrence in all CHD patients by 27%. [26] No trials have yet examined the effects of stress reduction on CHD incidence.
The results of this meta-analysis have important limitations. Because few studies have examined perceived stress and cardiac outcomes, only 6 studies could be included. To address the issue of publication bias, we calculated a fail-safe N which suggested that a substantial number of unpublished studies would have to exist for there to be no true relationship. Also, we contacted authors of included studies about relevant unpublished data, but this did not generate any studies that fit our inclusion criteria. Further, although only 6 studies fit our inclusion criteria, these studies included prospective population-based studies with a very large aggregate sample size.
Most of the included studies did not adjust for psychological variables like depression and anxiety, which are known to be associated with both perceived stress and CHD. Notably, the effect size for the 2 studies that did adjust for psychological variables did not differ from those that did not control for these constructs. However, there is clearly a need for studies that can better control for these important variables.
Lastly, as most of the studies were conducted in racially and ethnically homogenous European and Asian countries, there was very little inclusion of those from different geographic and ethnic backgrounds. Racial and ethnic minority populations may have unique experiences and sequelae of perceived stress and findings from these populations might differ from those reported here. High perceived stress and coronary heart disease incidence estimates Note: The area of each square is proportional to the study's weight in the meta-analysis, and each line represents the confidence interval around the estimate. The diamond represents the aggregate estimate, and its lateral points indicate confidence intervals for this estimate. Funnel plot to assess publication bias across incidence studies Table 1 Characteristics of included studies Table 2 Method of assessing high perceived stress for included studies 
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